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EFFECT OF VARTABLES IN WELDING TECHNIGUE ON THE STRENGTH OF
DIRECT—CURRENT METAI~ARC-WELDED JOINTS IN ATRCRAFT STEEL
IT — REPEATED-STRESS TESTS OF JOINTS IN
SAE 4130 SEAMLESS STEEL TUBING

By C. B. Voldrich and E, T. Armstrong
SUMMARY

A series of tests were made for the purpose of establishing the
effects of several varisbles in welding technique on the fatigue strength
of arc-srelded Jjoints in SAE 4130 seemless steel tubing. The veriables
included type of electrode, speed of welding, curremt, position, amount
of preheat, and other factors which in turn controlled the weld conbour,
penstration, and depth of the heat—affected zone. A rangs of Jjoint design
weg also Investigated.

Fatigue data showed that stress concentrations due to weld geometry
wore the predominating factors in determining endurance life for welds of
normally acceptable aircreft quality. Previoug concepts relative to the
behavior of fillet and butt welds were comfirmed, particularly in regard
to the superiority of tapered and concavs fillets and the d.eleterious
effects of intermal weld defects.

TNTRODUCTTION

Although static-tension and bending-fatigue tests of mstal-erc—welded
plate Jolnts, as described in reference 1, brought out some effects of
veriations in welding technique on the strengbh of the Joints, 1t was
belisved that more informstion could be obtalned from fatigue tests of
welded joints in alrcraft tublng. Wlth this view, a test specimen was
selected which was considered related to, though not typical of, tubular
alrcraft Joints and which lent iteelf to reversed—stress testing This
specimen, an SAE 4130 steel tube of l1—inch outslde diemeter welded
perpendicularly to a 1/8-inch SAE 4130 steel plate, was loaded as a rotating
cantilever beam to produce maximum alternating stresses at the circumfer— .

ential £illet weld Joining the_ tubs to the plate. y
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In order to obtaln the desired verlations Iin weldihg technique, arc—

welded tube—~plebe speclmens were made under a wlde varlety of welding con—

ditions with plain—carbon—steel and alloy-stesl electrodes, varlous
degrees of preheat, weldlng speed, current, position, and heat treatment
after welding. The initial fatligue tests, however, indicated guite
definitely that normal verlations in arc-welding technigue, which produced
specimens with varylng degrees of root penetration, fillet contour, weld-—
metal strength (cerbon—steel against alloy—stesl electrodes), end specimen
strength (as—welded agalnst heat-treated specimens), could not be analyzed
by the rotary-bending test. The reason for thls was that the stress
condition at the toe of the circumferential fillet weld exerted a greater
effect on the fatlgue strength than all the factors arising from welding
technique., With few exceptions, all fatigus fallures in the tube-plate
specimens occurred st the toe of the fillet weld (mostly in the tube and
occasionally in the plate). Fallures in the weld as a result of porosity,
lack of root penetratlon, Faulty fillet contour, and so forth, were very
rare and then only partlally in the weld.,

When the results of the initial tube—plate tests were examined, the
fatlgue date avallable were in the form of S-N tables and graphs in which
the stress was the nominal computed stress, at the toe of the fillet,
resulting from cantilever loading. It was thought that the use of the
nominal—stress valves was misleading, because it wes evident that the
concentrated gtress at the tos of the flllet was much higher than the
computed nominal strsgs used for the S-N graphs. Since the actusl stress
at the point of fallure could not be determined, 1t was decided that the
fatigue strength of the arc~welded speclmens should be presented in
comparison with the fatigue strength of "ideal" specimens machined from
the solid. In this way the use of the nominal stress could be avolded.

Further work on tube—plate specimens was discontinued, esxcept for a
geries of tests on prestressed specimens and shot-peened specimens.
Additional work was done to determtine 1f any other form of welded tubular
Joint would be useful 1n determlining the effects of welding technigue on.
the fatlgue strength. :

This work was conducted at the Battelle Memorial Insfitute under the
sponsorship and wlth the financial assistance of the Nationael Advisory
Commlttee for Aercnautics.

TESTS -

The reworking of the fatlgue data on the arc—welded tube-plate
specimens, to introduce the comparison factor of the ldeal machined
specimens, necessltates that some of the data be presented. without regard
for chronological sequence. For clarity, the varioue groups of test
specimens are summarized as follows and later dlgcussed 1in detall:

Series A: Ideal tube—plate specimens machined from solid bar
to simulate the speclmens of series B, T, E, F,
and G.
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Series B: Metel—arc—welded tubse—plate specimens
(1~ by 0.065—in. tubes, 1/8—in. plates).

Series C: Metal—-arc—elded tube—plate specimens
(1— by 0.095—1n. tubes, 1/4—in. plates).

Serles D: Arc—welded, gas—welded, and brazed tube—plate
speclimens, with various types of fillet.

Series E: Mstal-erc-welded tube—plate specimens with
clrcumferential notch.

Series F: Metal~grc~welded tube—~plate specimens
prestressed before fatigue test.

Serles G: Metal~arc—welded tube~plate specimens
shot-peened before fatigue test.

Series H: Metel-erc~welded tube~to—tube specimens.

PREPARATION OF SPECIMENS - ——

Materials and Equlpment

The tubing, shest, and plats used for all tube—plate and tube—to-
tube specimens were aircraft quelity SAR 4130 steel wlth properties as
glven 1n table 1. The bar used for msking the tube—plate specimens.
machined from the solid was SAE 4140 steel with the chemical composition
shown in table 1.

The slectrodes, “weolding rod, and brazing wire used in the tests are
described In the followlng sections on the preparation of the several
series of test specimens. The electrodes were chosen as representative -
of those used in aircraft production. All metal arc welding wes done by
the direct-current method, using a motor-generator set of the type
commonly used for alrcraft welding. It had been decided that remote—
current—control devices (crater eliminstors) were not to be used.

Serlesg A: Ideal Tube—Plate Speclmens Machined from Solid Bar

For series A, eight tube—plate specimens were machined from
2~ by 2—inch SAE fiko bar, as shown In figure 1. These specimens were
ldenticel In dimensions with metal-erc-welded specimens made of 1— by
0.065—-inch seamless tubing and 1/8-inch plate, except that the fillet was
fully concave and finished smooth.
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The 2~ by 2-—inch bar wes first rough forged down to about ml—l];- inch

round, with an upset end sbout U4 inches in diemeter and 1 inch thick to

provide for the flange. After rough machlining to the approximate dimen—

sions, the flanged tubes were normalized, and then finish machined, as

gshown in Pigure 2 (right~hend specimen). One tuhe—plate specimen was also
epared wlth a fully convex fillet for use In the tests of series D

fig. 2, left—hand specimen).

SAR 4140 steel was used for the ideal specimen because no SAE 4130
steel was available in sufficlently large size for the necessary forging
and mgchining, The hardness of the normalized machined specimens was
about 320 Vickers (a tensile strength of 150,000 psi, by conversion from
hardness). The aversge parent-metal hardness of the SAE %130 tubing used
in the welded specimens was sbout 250 Vickers (120,000 psi) in the
unaffected metal, and about 420 to 460 Vickers (195,000 to 215,000 pal)
for the best-effected metal adjacent to welds (no heat treatment after
welding). Therefore, in the comparison of the fatigue strength of
machined to welded specimens, it should be kept in mipd that the tenaile
strength and inherent endurance limit of the most highly stressed metal
(adjacent to the fillet) was sometimes grester and sometimes less for
the welded then for the machined specimeng, depending on the heat treat—
ment after welding. This difference does not, however, invalidate the
comparison of the fatigue data, since other factors, dilscussed later,
were found to have considerably more effect on the fatlgue behavior.

Series B: Metal-Arc—Welded Tube—Plate Specimens

The specimens of serles B were made from 1— by 0.065-inch SAE 4130
geamless steel tubing and 1/8-inch SAE 4130 steel sheet, according to the
recommended design illustrated in figure 3.

The welding data for this series are given in table 2 and figures 4
to 12, The three princlpal welding variables were type of electrode,
preheet, and heat treatment after welding. The specimens were welded
with the tube and plate held together in a positioning Jig (fig. 13)
with the tube axls approximately 30° from the horizontal., The agsembly
wag then rotated in the Jig at a speed which could be controlled by the
operstor during welding. No tack welds were used. The weld was made In
the flat (down—hend) position, in two semicircular increments, both welded
in the same direction. The resulting filllets were above average Iin con—
tour (flat to slightly convex), smoothness, snd consistency in dimensions,
A typlcal specimen of the group, 568A, ie shown in Pigure 1k,

Because of dlstortion during welding, it was found impracticable to
hold the tube sbsolutely perpendicular to the plate by means of the
alining spindle, and the specimens were welded with the outer end of the
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spindle free to move about 1/16 inch from the perpendicular axis. The
eccentriclity in the welded specimen was seldom more than 0.05 inch and
did not measurebly affect the stresses induced in rotary bending.

(See fig. 15.)

In preliminsry welding trials, the tube—plate assembly was placed
in the Jig without Insulating the plete from the steel chuck with an
asbestos pad. It was found that under this condition the 1/8—inch sheet
often cracked under the f£fi1llet weld. The cracking could be eliminated
in one of three ways: (1) preheating the plate to about 200° F,

(2) insulating the plate from the chuck with asbestos, or (3) using
another heat of 1/8-inch SAE 4130 steel (no preheat or insulation
required). In the preparation of all specimens for this Investigatiom,
the second method, Insulation with asbestos, was used.

Prior to the rotary-bending tests, a representative specimen fram
each group in series B was X—rayed to show the quality of the weld.
Thege radiographs are dlscussed In the section on fatigue tests. Other
radlographs were also made through the tube at the weld to disclose
possible cracks adjacent to the fillet; no cracks were found.

Before fatigue testing, all speclmens were pressure tested at
an alr pressure of 100 psl and were then Magnafluxed. Aslde from & few
pinhole leaks, which usually occurred at the stert of the secomd
semiclrcular fillet, no defects were foumnd.

Series C: Metal-Arc~Welded Tube—Plate Specimens

The specimens of serles C were made in the sams way as those of
serles B, except that 1- by 0.095—inch SAE 4130 seamless steel tubing
end 1/hb—inch SAE 4130 steel plate were used. The welds were also made
wilth a greater variety of welding electrodes, which was the principal
variable for this series.

With these thicknesses of tubing and plate, 1t was necessary to
use electrodes of larger dismeter (1/8 inch) than for series B, and con—
sequently the series C fillet welds were larger, averaging about 7 /32 inch,
with a flat to moderately convex face. Detailled welding data are given
in table 3.

No radlographs were made of the series C specimens, but all were
pressure tested and Magnafluxed prior to the rotery-bending test.
Series D: Welded, Brezed, and Machined Tube—Plate Specimens

The early rotary-bendling test data on the metal-erc—welded tube—
plate specimens of seriles B and C Indicated that the geometry of the
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fillet weld had a signiflcant influence on the fatigue strength. In order

to check thils, the tube—plate speclmens of series D were made with various

fillet contours, and further varisbles were Introduced to determine the ~
effect of flllet material and heat treatment after welding. The principal
varlables were ag follows:

1.

2.

a.
b.

Ce

d.
8.

Metal—-arc-welded speclmens
Small fillet
Medlum~-slze flllet

1) No heat treatment
2) Annealed
3) TFlame softened

(4) Normalized
Large flllet
(1) Single layer

2) Two layer
3) Three layer
%) Four layer (combinatlon arc and gas weld)

Fillets made with 25 Cr — 20 N1 electrodes
Flllets wlith face ranging from fully concave to
fully convex (see fig. 1k)

Oxyacetylene welded specimens

&,

b.

Medivm—eize flllet
Large flllet (three—layer)

Brazed speclmens

a, Medlum-size concave flllet ) .
b. ILarge concave Tillet o
Arc-welded specimeneg with l-Inch solld round bar in lieu
of tube
Specimeng machined from solld Fforgings, with convex and : ~

concave Pfillets (mee fig. 2)
Arc—welded specimens with machined fillets

&.
b.

Fillet machlned fully concave
Tillet machined concave at toe (tube)

Plate~tube—plate metal—arc—~welded gpecimens for axlal-
tension~compregsion and axlal-repeated—tenslon tests.

(These were similar in every respect to the tube—plate
gpeclmens, except that they had = plate welded at each

" end of the tube to facilitate gripping in the axial fatigue

machine., )

The welding data for the serles D specimens are glven in teble I,
and data on the type of flllet are shown in figure 16.

In order to obtaln a quantitative indication of the degree of stress

Serles E: Notched Tube—Plate Specimens

concentration exlsting at the toe of fillet—welded tube-plate specimens,

-
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a group of elight rotary-bending specimens was made with a clrcumferentisl
notch out into the tube adjacent to the £illet weld, as shown in

Pigure 17. Three specimens were also made with an austenitic—steel metal
arc weld instead of the tapered gas weld used 1n the other elght speci—
mens. Welding date for the notched specimens are glven in table 5.

Series F: Metel—Arc-Welded Tube~Plate Specimens for Prestress Tests

In order to check the posslible beneficlal effect of prestressing on
the fatlgue strength of arc—welded tube—plate specimens, that 1s, the
effect of mechanical stress rellef at the toe of the fillet weld, a series
of specimens was made as shown in figure 18. The welding procedure for
these was simllisr to that used for the peries B specimens, as indicated
by the welding data 1n table 5.

Three groups of gix gpeclmens were prepared. The first group was
tested in the as—srelded condition. The second group was prestressed
after welding, by loadlng each specimen In axlal statlic temsion beyond
the yield point (approx. 85,000 to 90,000 psi). The third group was
furnace ennealed at 1600° F after welding, then prestressed in axial
static tension beyond the yileld point (approx. 45,000 to 50,000 psi).

It should be noted that the finished specimens for the rotary-bending
test (after they had been prestressed, and one tube and its weld machined
off) included the fillet which was deposited last. This was done in order
to obtaln epecimens as similar as possible to the standard tube—plate

‘specimen, with no heat effects from the opposite weld.

Serles G: Metal-Arc-—Welded Tube—Plate Specimens for Shot—Peening Tests

For serles G a group of metal-arc—welded tube—plate specimens was
prepered, similar to those used In series B, in which a part of the
group was subJected to a shot-peening treatment before the rotary—bending
test. The remsinder of the group was tested in the as—welded condition
for comparison. The weldlng data for serles G are given in table 5, and
typlcal specimens before and sfter shot-peening are ghown In flgure 19.

The sghot-peening wes done at the General Motors Corporatiocn Research
Leboratories, by sxrrangement with Mr. J. O. Almen. The welded sgpecimens
(no heat treatment after weld.h:\g) were peened in a high—intensity stream
of gmall shot (0.016 to 0.019—in. diam.g. Small shot was chosen so that
the peening actlon would reach the bottom of each ripple and depression
In the £illet weld. The Intenslty of peening was such as to glve
0.012~inch arc helght on the standard General Motors shot—peening test
strip. TUniform peening of the weld was obtained by mounting the specimen
on a robating table., The remaining areas were peened by hand.
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Series H: Metal—-Arc-Welded Tube—~to~Tube Specimens

Six tubuler welded specimens were made from l— by 0.065—inch SAE 4130
seamless steel tublng as shown in flgures 20 and 21 for reversed—sitress
testing. The purpose of this test of series H was to investlgate the
possibility that welded tubulexr Jolnts would be less susceptible to stress—
concentration effects than the tube—plate Jolnt previously investigated.

The Joints were welded with the sequence shown in Pigure 20, and
with other welding comdlitions as shown 1n table 5. The specimens were
Magnafluxed after welding, and no cracks were detected.

FATTQUE-TEST METHODS

Rotary-Bending Test

The tube-plate specimens of series A, B, C, D, E, F, and G were
tosted 1n the rotary—bending machine shown in figure 22, The plate,
previously machined from a 4— by L—inch square to 3% inches in diameter,
was gripped in the chuck, with the specimen so centered as to glve zero
run—out at point A in figure 15. In this way the possibllity of unequal
stress distribution owing to specimen eccentricity was avolded.

The load was obtained by tightening the callbrated spring to the
desired emount (measured by spring deflection). The speed of the testing
machine was 2400 rpm, which gave 2400 cycles per minute of completely
reversed stress. The machine wes stopped automaticelly by e limit switeh
1f the specimen broke or 1f the deflection of the tube exceeded &
predetermined amount.

Axial Tenslon~Compresslion Test

The plate~tube—plate specimens of geries D were loaded In an axisl—
tengion—compresgsion fatigue testing machine. The end plates were gripped

in chucks welded to 1l2-~inch lengths of l%-inch tubing, which in turn

were held In the grips of the testing machine. Thils gave the' degree of
Plexibllity necessary to obtaln uniform stress dlstribution. The load
was applled at a rate of 1200 cycles per minute.

A gimilar arrangement was used for repeated—tension test of plate—
tube~plate specimens.
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Reversed-Bending Test

Reversed—bending tests of the tubular "pi" specimens of series E
were made in & plate—bending mschine. One end of one 18-inch member was
fixed, and the corresponding end of the other 18~inch member wes attached
$0 the recliprocating crank arm of the testlng mechine as shown in Ffigure 23.
The stress in the speci‘sn was compubted from the deflectlon of the loaded
end. A representatlve specimen had previously been loaded in a static—
tenslon machine to get the loads corresponding to given deflections. Also,
the first specimen tested in the plate—bending machine wes equlpped with
SR electrical strain gages, and the maximm dynamic stresses in the
long tubes, adjacent to the welds, were measured. The measured stresses
corresponded within 5 percent of those computed from the deflectlon
readings.

RESULTS OF TESTS

Series A: Ideal Tube—Plate Speclmens Machined from Solid Bar

The results of rotary—-bending tests on the machined tube—plate
specimens with concave fillet are given In table 6 and plotted in figure 2L.
The graph in this flgure is an SN curve, in which the stress shown is the
nominal meximum stress In the tube at the toe of the concave fillet, com—
puted frem the equation

s = Z%
Z
where
S nominal maximum stress, psi
P  concentrated load at end of tube, pounds
x distance from load to toe of concave fillet, inches
Z section modulus of the 1— by 0.065—inch tube

Method of Computing Stress Ratlos for Welded Specimens

The debte for the specimens of series A could have been plotted on a
load~cycle scale. However, the stress—cycle scale was chosen for the
basic graph because it was deslred to compare all other tube—plate fatigue
date with the baslic graph., Since the section modull of the welded
specimens varled with the size of tube, all load data were first converted
into nominal-stress values, end these were compared with the stress values
for the ldeal machined specimens.
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The method used to convert the compubted stress values lnto stress
ratios is glven In flgure 25, These stress ratlos were then used in all
subsequent graphs to show the fatlgue strength of welded tube—plate
specimeng in comparison with the fatigue strength of the ldeal specimen.

Iine ABg! in figure 25 is the S curve obtalned from rotery-bending
toste of the basic machined specimens (fig. 24). On this graph was
guperimposed each group of rotary—bending SN data for welded tube—plate
specimens, and those stress values on the base line ABg' were taken which
correspond to the 1ife of the individual welded specimens. For each cycle
intercept, the stress in the welded specimen was compared with the stress
in the 1deal specimsen at the same number of cycles, For example, if at
34,500 cycles the nominal stress in the welded specimen wes the same as
the stress in the ideal specimen (pointe 4 and d4'), the stress ratio for
that welded specimen was %? = 1.0. This value was then plotted agalnst
the number of cycles (3%,500) on & separate greph for the particular series
of welded specilmens, Agein, if at 387,900 cycles the nominal mtress in
the welded specimen was 5,700 pai (point f), the corresponding stress in
the ideal specimen was 16,000 psi (point £°? s end the stress ratlo for the

welded speciﬁsn wasg £ = 0.36, which was then plotted om the separate
pil )
greph against 387,900, the number of cycles.

In order to permit accurate computation of the stress ratios, the
greph actually used was much larger, with a closer coordinate scale than
indicated in the schemstic graph, filgure 25.

The load—cycle curve plotted using the stress ratlos computed in
figure 25 is glven in flgure 26, which 1s dlscussed in the next section.
ALl subsequent load—cycle graphs were plotted similerly. It should be
kept in mind that the load—cycle graphs are not SN curves, and that
thelr value lies principally 1in comparing one loed—cycle graph with
another. On the load—cycle graphs the points for the ldeal specimens
would all fall on the horizontal ordinate 1.0,

Series E: Notched Tube—Plate Specimens

The rotery-bending tests of serles B end C, dlscussed laber, indlcated
that for the type of specimen and loading involved, a stress concentration
occurs at the toe of the flllet of such magnitude that the effects of
other factors, such as weld smoothness, penetration, extent of heat—
affected zone, and the like, are obscured. In order to determine the
epproximate degree of magnitude of the stress concentration, a rotary-—
bending test was made of tube—plate specimens which had.a notch cub
clrcumferentially in the tube, al a section 3/4 inch away from the plate
surface (fig. 17). The relative life of the notched specimens, with
nominal stresses in the notched section comparaeble wlith those used in the
series B and C tests, would indlcate the severlity of the stress con—
centration at the £illet weld.
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The detalls for all notched specimens tested are given in figure 26,
which also shows the Tatigue strength expressed as & retlo of the strength
of the notched specimens to that of ldesl mechined specimens. It is
emphagized that the ratios glven in figure 26 are for stresses in the
reduced tube sectlon &t the notch. At the toe of the fillet the bending
moment ig higher, but the area of the tube sectlon 1s about double that
at the notch so, for a given load, the unit stress at the fillet is sbout
40 percent less than at the notch.

The test indicated by point (1) in figure 26 should be noted, in which
the notched specimen falled at the toe of the fillet (3 792,000 cycles at
0.65 Patigue retlo) even though the computed stress at the notch was
obviously higher. Thls would indicate that the endurance limit for the
sectlon at the toe of the fillet was lower than for the notched sectiom.

A photograeph of this specimen 1s shown in figure 27.

The solid line mm in figure 26 represents the approximste curve
of strength ratio agelnst cycles for the specimens with a 0.030—Iinch
notch. This curve has been superimposed on all subsequent rotary-bending—
test graphs, as a broken line designated mm, It 1s useful in the graphs
as a datum line, to facilltate comparison of various sets of values and
alsgo to Indicate the level of fatigue strength of the welded specimsns
In comparison with notched speclmens.

Serles B: Metal-Arc—Welded Tube—Plate Speclmens
(1~ by 0.065-In. Tube, 1/8-In. Plate) -

The rotary-~bending test date for the several groups of specimens
in series B are swmarized in figure 28. Detailled dats Ffor the several
groups are also given in table 7 and figures 4 to 12.

It will be remembered that the welded specimens of series B were
in nine groups, the principal variables being type of electrode, preheat,
and heat treatment after welding. The original plan had been to campare
the fatigue date for the verious groups, to study the influence of the
principel varlebles, and then to extend the tests to include other
welding-technique factors. Tt developed, however, that regardless of the
welding varisbles, practically all the specimens falled in the tube at
the toe of the fillet weld, and the 1life at various loads did not reflect
any particular effect of welding technlque. Thls can be seen from a
study of the individusl graphs for fatigue tests of verlous groups of
tube—plate specimens in series B (figs. 4 to 12) and of the summary
greph (fig. 28).

The conslstent failure at the toe of the fillet weld (characteristic
fracture shown in fig. 27) was not entirely unexpected, since all the
fillet weldse in series B were of a quality representing good welding
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technique and since it had been recognized that a stress concentration at
the toe of the filllet would cause a stress in the tube conglderably
higher than the computed, or nominal stress. (See table 7). No fallures
ocourred in the weld which might be associsted wlth elther of the two
craters or sbarting points In each circumferential fillet weld.

It had not been anticipated that the 1life of the specimens, at the
various loads used, would be so short or that the specimens would faill
at such low loads. After the first few groups had been tested, a
representative unbroken specimen from these groups and one from each of
the yet untested groups were radlographed through the tube, and then
sectioned for mecroscopic and microscoplc ingpectlon. Thls procedure was
made to check the possible exlstence of mlnute cracks which might be
resgpongible for the low fatigue strength and conslstent locallzation of
fellure; however, no such oracks were found. Previous Mesgnaflux and
alr-pregsure tests also had not disclosed any cracks or simllar defects.

Two sets of radlographs through the weld and plate of serles B
gpecimens are ghown in figures 29 and 30. These indlcate that the welds
were of good quality, with no dlscernlble crater defects. The welds made
with plain—carbon-gteel electrodes (flg. 29) show some lack of root
penetratlion, but this had no influence on the fatigue strength of the
specimens,

The broad concluslions thet mey be drawn from the results of the
rotary-bending tests of the series B specimens are:

(1) The long~time (1,000,000-cycle) fatigue strength of the welded
specimens wag gbout one~fourth to one~half that of the 1deal
machined specimens.,

(2) The short—time (10,000~ to 50,000-cycle) fatigue strength was
sbout equal to that of the ldeal speclmens.

(3) The fatigue strength of the welded specimens was less than that
of simllar specimens wilth a 0.030-lnch circumferentlal notch in

the tube, except at very high loads causing early fallure.

(4) Varisbles such as type of electrode, preheat, heat treatment,
end degree of root penetration (within the 1limits indicated in
fig. 29) had no appreciable effect on the fatigue strength of
the welded speclimsens.

(5) The results indicate quite definitely that most of the ordinary
effects of welding techmique were obsocured by the stress con—~
centration at the toe of the flllet weld. Thils was further
confirmed by spot checks on trilal speclmens with extremely poor
welds, for example, no fusion to portions of the tube, and
unsatisfactory lumps and craters, Most of these specimens also
failed in the tube at the toe of the fillet weld, rather than in
the substendard weld.
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Series C: Metal~Arc—Welded Tube—Plate Specimens
(1~ by 0.095~In. Tube, 1/4-In. Plate)

Since practlcally all the failures in the series B specimens were in
the 0.065—inch tube, 1t was declided to strengthen the tube by increasing
its wall thickness and thus put more stress into, and induce fracture In,
the £illet weld. The gpeclimens of series C were made with 1- by 0.095-inch
tubing, and the plate thickness was increased from 1/8 to 1/k inch. With
these thicknesses of plate and tubing, it was also necessary to use an
electrode of larger dlameter, and the resulting £illets were aboutb
7/32 inch in size (as compared with 5/32 inch Ffor series B).

In addition to deata on the effect of increased plate and tube
thickness, the tests of series C were designed also to give information
on the influence of 10 various types of electrode on fatigue strength.
The test results are given in table 8 and the sumery graph, figure 31.
No attempt was made to plot a separate graph for each electrode used,
since it was evident that the type of electrode used had no :Lnfluence o .
the fatlgue strength. —_—

Although the £illet welds In series C were larger then those in
series B, 1t had been expected that at least a few specimens with the
thicker tube would fall in the weld. However, the location of fallure
wes, as before, In the tube at the toe of the filllet weld. There was,
nevertheless, a slgnificant difference between the fatligue strength of
series B end serles C. Thils cen be seen by a comparison of the graphs,
figures 28 and 31, and is further i1llustrated by the zons diagram,
figure 32. The 1life of the speclmens of serles C was consistently
longer for a glven load than that of the specimens of series B with the
thinner tubes. The sndurance limit for serises C 1s also somewhat greater,
but the date in this load region are insufficient in quantity and '
conglstency for accurste anelysis of the reletive endurance limits.

Series D: Welded, Brazed, and Machined Tube—Pla.te Speclimens

The testes of welded tube—plate specimens of series B end C indica.ted.
that while the effects of the welding technigues used, that is, root
penetration, type of weld metal, preheat, and heat trea:tmen‘b after
welding, had no influence on the fabtlgue strength and locabtion of fallure, -
there was 8 size or geometry effect. In order to check thils, the tube—
plate specimens of serlies D were made. These lncluded speclmens with
f1llets of various size and contour, mede by the metel-erc, oxyacebtylene—
welding, and oxyacetylene-brazing methods. The variables have bsen
previcusly described 1n the sectlon PREPARATION OF SPECIMENS, and are
tabulated and illuetrated in figure 16. Most of the specimens wers tested
in rotary bending, but a few speclmens were also tested in axial tension
and compression and repeated tenslon to check the possible difference in
fatlgue strength that might be obtained with axlal ingbead of bending

loading.
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Al1 the tests tebuleted in figure 16 were made at loads which
would produce sbout the same noaminel tube stress (that is, 21,000 to
26,000 psi). The graph in figure 16 compares the respective {ife of all
specim.ens at that nominal stress. The one exception wes test 472H on
tube—bar specimens, In which the load was the same as for 1l— by 0.065-Inch
tube specimens, wlth a correspondingly lower nominel stress. For
informetion, the computed stresses are glven in table 9. This teble also
glves date for the repsated—tension tests, which could not be plotted in
dlrect comparison with the other tests becesuse of the difference in the
meen stress.

None of the tests In series D gave a true indicatlon of the strength
of the weld or flllet 1tself, but the results indicate quite clearly the
offect of various types of f1lllet on the str of the adJjacent tube
section. Specimens with long tapered fillets (tests 480D and 507), end
with fully concave fillets (tests 52%, 48002, and 4B0E) were among the
strongest in rotary bending. Specimens with flat or convex fillets had
8 shorter life. Size of fillet elome spperently was not a feactor in
determining the fatigue 1life of the Joint, although there ig a slight
indication that the large fillets were better than the small ones.

Heat trestment or stress relief was apparently less influential than
the degree of stress concentration resulting from weld geometry.
Anmesled (test 483) and flame—softened (test 480A) specimens were no
strongsr then normalized specimsns (test 472G) or the as-welded or
normalized specimens of serles B. This would indicate that the stress—
concentration effect was not appreciably reduced by softening or stress
relleving of the tube at the toe of the fillet weld.

Test 472H, in which a solld bar was substituted for the tube, was
made to determine whether, with e section of maximm strength adJjacent
to the weld fillet, fallure could be induced in the weld. The two bar
specimens were tested. with the same load as the 0.065—inch tube specimens,
end thus the stress in the weld and the plate were approximately the same
as in the standasrd specimen, although the stress in the solid ber was very
low (see table 9). Both bar specimens falled in the plate at the toe of
the f£1llet, indicating that a secondary stress concentration existed at
that point. It is possible that by increasing the thickness of the plate,
and using a solid bar or & very thick tube, fallure in the welded fillet
could be induced; this, however, entails such marked chariges 1n welding
technique, heat effects, degree of penetration, and other factors that
such a specimen would only remotely represent conditions found in tubuler
aircraft Joints. Tesbs of such speclmens were therefore not considered.

Another indication that the strength of the fillet nmaterial is of
secondsry importence was obtalned from specimefis of tests 48OEF and
480E, which were mede with the concave brazed fillets. The 1ife of these
specimens was remarkebly long. The small-brazed—fillet specimen failled
in the bond between fillet and plate at about 100,000 cycles, which 1s

"3
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equivalent to the best single—layer src-welded concave flllet and better
than normal arc— or gas-welded fillets. The large—concave—brazed—fillet
gpecimen falled after about 500,000 cycles, which 1s equivalent to the
tapered fillets made by both arc— and gas—welding methods. It has been

gested that the long life of the brazed specimens 1s the result of

% the smooth, concave comtour, (2) the absolute freedom of yndercutting,
a:nd. (3) the relatively low modulus of elastlolty of the brazing metal.
All three factors concelvably reduce the siress concentratlion at the tose
of the fillet.

Two "artificial" tube—plate specimens, machined from solid forgings

(see Pig. 2), were made for test in series D, These were Iin addition to
the conca.ve—fille‘b machined specimens of series A.” The artificial
specimen with convex flliet, test LBOCL, falled at about the same life as
the concave~fillet specimen of series A tested at the seme load., The
artificiel specimen with the comceve fillet, test 480C2, falled at a much
longer 1ife then sinilar serles A specimems. The reason for this could
not be determined, but it is probably the result of better surface finish
end fillet contour in the specimen of test 480C2, as compared with the
other concave—fillet machlned specimens.

Tt is interesting to note that the specimen of test 472D, with a
single arc—welded fillet and a three-layer gas—welded overley, falled at
the rather sharp angle between arc and gas weld. Although the net cross
section at thls point was at least twice that of the 0,065-inch tube, the
gtresgs concentratlon at the weld Junctlon was sufficlent to cause fallure.

Teats of arc—welded specimens with the £11llets machined concave, or
machined at the root to remove possible sharp undercutting (tests X and Y),
provided no sgignificent data,

Tests of plate—bube—plate specimens in axial tension and compression
were made with spproximately the same maximm gtress, ln tension and
compression, as that whilch occurred in the rotery-bending tests of other
specimens in series D. Two such specimens were tested (test L4T9A) and
failed in the tube at the toe of the arc—welded filliet at 9,900 and
16,700 cycles., These data are plotted in figure 16 end show that the life
of the axlal—tension—compression speclmens wes no longer than the 1lfe of
rotary-bending specimens made with the same size of tubling, plebte, and
fillet weld. It may be essumed, therefore, that the stress—concentration
factor 1s of the same order for both types of specimen and methods of
loeding. FPhotographs of the fractures in the axisl-—tension—compression
specimens are shown in figures 33 and 3k4.

Tests were also made of two plate—tube~plate specimens in axlal
repeated tension. These specimesns (test L479B) were stressed to the same
maximm tension as the rotary-bending specimens and the axial-tension—
compresgslon specimens, but the minimm load was a tenasion of about
1,000 psi. The stress range for these specimens was therefors only half
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that of the first two types, as indicated 1n table 9. By halving the
gtress range, the 1life of the specimens was lncreased from about

13,000 cycles to about 9%,000 cycles. This 1life, howevér, was still below
that of the notched tube specimens of serles E at a comparsble rangs of
stress, and spproximately equal to that of specimens 1ln serles B, which
wore welded in exactly the same way. These specimens falled in the plate
at the toe of the fillet weld, as shown in fligure 35.

Figure 36 shows the data from series D in conjunction with the
reference curve Por notched tube-plate specimens, snd the lower-limit
lines for the rotary-bending tests of mseries B and C., In this figure, the
regults of axiael—tension-compression tests are alsoc shown.

Series F: Metal—-Arc-Welded Tube—Plate Specimens for Prestress Tests

In the early work wlth welded tube—plate specimens two speclimens were
made simllar In every respect to the specimens of serles B, except that
the tubes were welded to both gldes of the plate in order that the
specimens might be tested in axial temsion and the static—tenslon strengt’
of the fillet-welded jJolnt dstermined. The wltimate tensile strength of
the as-welded specimens was 105,800 and 112,000 psi, which is sbout
equivalent to the strength of 1— by 0.065—inch SAE 1’1-130 tubes with a
square welded butt Joint. The first specimen falled in the tube at the
toe of the £1llet and the second in the tube 3 inches away from the fillet.

Tege results indlcated that while a stress cancentration no doudt
existed at the toe of the fillet at the start of statlc—tension loading,
1% was veduced by local yislding of the weld metal (because the weld metal
is softer then the adjecent heat~effected zonme) during the first stages of
loading, and consequently the tensile strengbth was not noticeably affected.

It was suggested that a mechanlcal stress rellef, or reductlon of
local reslduel stresses, st the toe of the fillet weld 1n rotary-bending
gspecimens might increase thelr fatlgue 1life. A series of speclmens was
therefore prepared as shown in figure 18, which were loaded In axlsal
gtatic tension beyond the yield point of the tubing to obtain the same
effect at the toe of the fillet weld that was obtained in the static—tenslion
test. The prestressed specimens were in two groups: prestressed in the
ag—welded condition and prestressed after annealing. An additional set of
specimens was tested 1n the as-welded, unstressed condlbtion.

The results of the tests are glven in teble 11 and plotted in
figure 37. Thils graph indlcates that prestressing hed no effect on the
fatigue strength of as—welded specimens and thet the annealed prestressed
specimens (annealed so as to reduce the hardness in the heat—effected
zone and thus obtaln plastic flow) had a significantly lower fatigue
strength than the as—welded speclmens. All specimens falled in the tube
gt the toe of the fillet weld.
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It 1s evident that the stress concentration at the toe of the fillet
weld 1s not influenced by local residusl stresses which may be readjusted
or elliminated by plastlic flow during presitressing in axlial tension.
Rather, the stress concentration seems to be principally a geomstrical
effect which is much stronger then other factors involved. (See, for
example, the tests of meries D.)

The fact that the amnesled prestressed specimens had a much lower
Patigue strength does not conflict with previous statements that heat
treatment after welding had 1little effect on the rotary-bending fatigue
strength of tube—plate specimens. The ammealed prestressed spscimens had
a very low yleld strength, the temsile strength was undoubtedly low, and
posgibly the wall thickness of the tubes was reduced during prestressing,
all of which would contribute to the lowered fatigue strength.

In the previous tests of series B and D, the heat treatment was,
with one exception, a quench-end—draw, stress-relief, normalizing treat—
ment or a manusl flame-softening trestment, and in all these cases the
fatigue strength seemed to be less affected by the heat treatment than by
the geometry of the weld sectiom.

Series G: Metal-Arc-iWelded Tube—Plate Specimens for Shot—Peening Tests

A group of tube—plate specimens was welded, similar to thoge of
series B, and sent to the General Motors Corporatlion Research Leboratories
for shot-peening treatment. (Detells are glven in section PREPARATION OF
SPECIMENS.) The purpose of this experiment was to investigate the effect
of shot-peening in (a) relieving residual surfsce stresses in and adJjacent
to the welded zone and (b) setting up surface compression stresses which
would ralse the fatlgus strength of the specimens.

In addition to the 18 specimens which were shot-peened, 6 were tested
in the as-welded condition for comperison. The resulte of rotary—bending
tests on all specimens are glven in table 12 and are plotted in figure 38.
By reference to the graph, it can be seen that the lower 1limit of the
fatligue—strength zone for the shot-peened specimens coincldes with the
curve for the unpeened control specimens. The fabtlgue strength of the
ghot~peened specimens was also higher then the average for specimens of
gseries B (simllar in dimensions and welding techniquse , but not shot-peened).
Also, six of the shot-peened specimens had fatigue strengths sbove that
of the notched specimens (line mm, fig. 38). This is an improvement over
the results of previous tests, in which the fatigue strengbth of arc—welded
tube—plate specimsns was rarely higher than the datum line mm.

Tt is inbterestling thet the points for the peened specimens fall on two
separete lines: +the lower which coincldes with that for the unwelded
control specimens and indlecates no lmprovemsnt with ghot-peening; and the
upper, which Indicates a marked improvement. It is posailble that the
ghot—peening treatment may not have been unlform for all speclmens, or
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that those on the lower line had toe~of-weld stress—ralsers of a character
or magnitude which were not reduced by the peening treaiment used.

Regardless of the treatment used, all specimems falled in the tube at
the toe of the fillet weld. Thig Indlcates that the stress concentration
resulting from the geometry of the weld section was stlll the primary
factor influencing fatligue strength.

While more test date would be desirable, it may be concluded that
the shot—peening treatment produced & notliceable improvement In the
fatigue strength, although not to the degree necessary to cause occaslonal
failure in the weld. The specimens still had &n appreciably lower
fatigue strength then the ideal specimens (for exsmple, about three—fourth
strength at 1,000,000 cycles, for the best ehot—peened specimens).

Series H: Metal-Arc—Welded Tube~to~Tube Specimens

As 8 part of the investigabtion of various types of treatment and
gpecimen design to find = test specimen which could be used for s study
of the effects of welding techniques, the tubular pl specimens were tested.
(See figs. 20 and 21.)

The fatigue test was a reversed-bending test, in which the meximum
stress wag obtained In the tubes adjacent to the weld. The results of
tegts of flve specimens are glven In table 13. All the specimens failed
in the tube at the toe of the weld as shown in figure 39. &

At a computed maximum stress of 10,000 psil the 1life of the three

1 specimens for which cycle date are avallable was somewhat higher ~
?138,000 to 369,000 cycles) than for similarly welded tube-plate specimens
(65,000 to 154,000 cycles). Too much significance cannot be attached to
this difference in the number of cycles to fallure, because the number of
gpecimens In sach group ls small. Nevertheless, 1t can be expected that
the fatigue strength of the tube~to—~tube specimens will be higher,

because ﬁ) the maximmm stress in the pl specimens occurred only on two
diemetricelly opposed surfaces, and (2) the toe of the weld in the

Pl specimens did not lie 1n a plane perpemdicular to the axis of the tube,
as in the tube-plate specimens. For these reasoms, the stress—concentration
effect in the pl specimens may not be so great.

The results 1ndiceted, however, that the pl specimen would not be
sultable for tests of the effects of welding technigue, because even with
the more favorable characteristics of the tube—to—tube Joint, the principal
influence on fatigue strength wesg still the stress concentration at the
toe of the fillet weld.
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DISCUSSION OF RESULTS
Effect of Stress Concentration

The geverlity of the stress concentretion induced by the geametry
of the fillet welds ls modifled by gradusl transitions of the fillet to
the tube ssction. This has besn demonstrated by the improvemsnt in fatigue
life of multiple—layer and comncave fillets, compared wlth nowmal fillet—
weld contour. The stress concentration 1s msasurably reduced when tube—
to—tube connections are used ingtead of the tube~plate speclmen. Reference
to published experimental data shows that variatlons in stress concentration
maey also be observed as the plane of loading is varied with tube—bo—bube
commections. (Ses references 2 and 3.) This has the effect of changing
the Joint geocmetry from the fillet—welded type to a saddle or dutt—Joint
type, and the increase In fatigue life 1s not unexpected.

It is belleved that in thin-—well sections the weld—Joint geometry
alonse produces an unusuaslly high stress concentratlon, and that other
factors (surface roughness, decarburization, etc.) contribute to the
reduction in fatlgue strength.

Effect of Thilckness of Ssction

It 1s evlident from the difference in the position of the scatter
bands shown in figure 32 that the size of the weld and thickness of tubing
is of some importance in affecting the fatigue strength of the fillet—
wolded Joints. While the ratio of fillet size to tube thickness was about
the same for both series B and serles C specimens, the latter, with larger
fillets and thicker tubes, had the higher fatigue strength. Thils suggests
that the effect of the discontinulty in the wall of the tube caused by the
presence of the £illet becomes Increesingly serlous as the tubse wall
thickness decreases. However, variations 1n the size of the fillet, within
reasonable limits, seem to exert only slight effects on the fatigue proper—
ties of the Jolnts.

Effect of Prestressing

The rotary—bending tests of tenslon—prestressed specimens indicated
that this treatment, which may have removed residusl stresses at the
Joint, was not effective In Ilmproving the fatligue strength. It could be
inferred, therefore, that the geometry of the Joint, rather than the
presence of local residuel stresses, was the governing factor in the
fatigue behavior of the Joint,

On the other hand, local prestressing by shot-peening ssemed to
work some Improvement In fatigue strength. Whether this improvement is

attributable to the effect of compressive stress or the effect of cold-
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working of the surface is not entirely clear. It seems probable that theé
reduction in the maximwm effectlve tenslile stress owlng to the induced
compressive stress 1is the principal cause of increased fatigue life.

Effect of Surface Decarburization

No tests were made to show the effect on fatigue strength of the
decarburized surfece which 1s normally found in commercial SAE 4130 tubing
and sheet., Recent tests abt Battelle Imstitute of flash—welded SAE 4130
ateel sheet have shown that decarburizatlon is a factor of conslderable
importance as far as fatigus behavior is concernsd. '

The microsections made of representative welded tube—plete specimens
indicated that both tubing and plete had the usual degree of surface
dscarburization, although in the heat-effected zone where fatigue fallure
occurred, it was not so readlly discernible as In the unaffected steel.
It is quite probable that the decarburized surface, with its attendant
lower tensile strength and fatligue properties, contributed to the low
fatigue strength observed in the tube—plate and tube—to-tube specimens.

Effect of Modulus of Elesticilty

The effect of the modulus of elastlicity of the material in the fillets
is to diminish the apparent stress concentration as the modulus of the
deposited material is reduced. This effect became markedly evident with
brazed connections, although the smooth contours of the brazed fillsts also
conbributed to a reduction in the stress concentratiom.

The actual mechanism by which this actlon occurs is probebly one of
plastic flow during the fatlgue test, end consequent redistribution of
stresses at the toe of the fillets, such that the stress gradient is
smoothed end the pesk stresses reduced.

General Remarks

It was not the object of these tests to evaluate the fatigue strength
and endurance limlt of arc—welded Joints in aircraft tubing, but rather
to meke use of repested—stress tests to compare welds with dlfferent
contours, more or less psnetration, snd greater or lesser heat effect on
the parent metal, and thus to determine the degree in which these factors
are governed by the type of electrode, speed of welding, current, position,
preheat, and other related conditlioms.

The plan of asttack was to determine an approximste SN curve for
Joints welded under normel or optimum conditions, and to use these data
a8 a bage line for tests of Joints made under abnormal welding conditions
which would produce overlapped end undercut fillets, poor root penetration,
incomplete fusion, porosity, asnd excessive heat effects.
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The results of the repeated—stress tests, have, however, pointed in
e different dlrection from welding technique. In every test the effect o
of stress concentration adjacent to the weld was far greater then the
effects of lnadequate fuslon, penetratlon, parent-metal hardening, or -
normal heat trestment after welding. It would appear that jolnts made
wlth reasonable varlations in welding technique have equivalent structural
integrity even if the weld is of the lowest acceptable quality. The
Importance of heat effects, adequate fusion, and weli soundness is not
minimized, since these gqualitles must be obtalned to a definlte degree. ~
However, 1f the service conditions for a welded Joint such as & tubular
cluster demand a conslderation of repeated stresses, the governing factor
in the strength of the Joint sesms to be the stress concentration caused
by the weld—Joint geocmetry, rather than the intermal characteristics of
the weld itself. T

The tests in this investigation have provided data which confirm
some of the comcepts relative to the behavior .of £fillet and butt welds,
for example, the superiority of tapered and concave fillets and the
deleterious effects of internal weld defects. (See referemce 1.) The
most significent result has besn to show that the stress concentrations
caused by normel flat and convex fillets in tubular sectioms are higher,
and exert a gresater influence on the strength of welded thin-wall mections,
then is generally accepbed. ’ _

The problem of stress concentration has long been dealt with in the
design of machined and cast structures and has also been considered
in welded assemblies. TIn most weldments, however, the caomponent parts
are reletively thick, end the welds form either a amall proportion of the -
entlre mass or are large enough to form an Integral, flowing section of
the assembly. If a tubuwlar aircraft assembly is scaled up to the propor— -
tions of en ordinary weldment, 1t is evident that the welds do not scale
up In the same proportion. It would be considered bad practice to Jjoin
two 1/l~inch plates with a 3/4—inch fillet which had a 3/4—inch throat, -
yet, in miniature, this is the type of weld Joint that is regulerly
obtained in 1/16~inch aircraft tubing. _

There are no apparent ways of accounting for this scale factor by
radlcal changes in Jolnt design and fuslon~welding technique, and it is
not suggested that such chenges are imperative under present requirements
of design and service life. Mstal-erc—welding and gas—welding methods for
alrcraft structures have certain peculiar limitations, but satisfactory
performence of fuslon~welded aelrcraft structures has been demongtrated
under many service conditions. The electrodes now available for aircraft
work deposlt tapered or comcave flllets only under favorable conditiona
of position and Jolnt design, but the flat and convex welds normally
obtalned have worked to no distinet disadventage, despite the accepted
fact thet such welds are stress-ralsers.
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CONCLUDING REMARKS

Many types of specimen have been tested in fatigue in an attempt
to differentlate the effects of veriations in welding technique., Other
investigators have studled small specimens, and alrcraft companles have
tegted full-slze motor mounts. The general agreement of fatigue data from
these sources is good; however, little fundamental Iinformation has been
obtained on the effects of welding technique, except that the wajor factor
influencing the failure under repetitive loading of motor mounts is fillet-
weld geometry. This conclusion agsumes thet the material is constent from
test to test. Although it seems likely that other.factors influence the
fatigue resistance of Joints in tubuler structures, sultable tests or
specimens are not readlly avallable for use in determining quentitatively
the effect of these varlaebles.

Perheps the most difficult problem in the selection of a test
gpecimen l1s the provision for specimen support and load application.
In deslign, the gripping of specimens must be carefully considersd to
avold failures at these polnts whilch would impalr the accuracy of data.
A second problem involves the hesitancy of alrframe manufacturers to accept
any specimen as belng typlcal of alrcraft construction unless 1t is
actually a component of such a structure. The view has frequently besn
expressed that a component from the structure of one alrfreme would yleld
data of value only in that specific Instance end of no value as applied to
other end different conditions.

In order to avold these problsems concerming specimens, 1t is belleved
deslreble to study models or full-gize sections of typlcel ailrframes. The
question of interchangeebllity concerming test data may be answered by the
use of a motor mount for these tests. It is possible that less variation
exists 1n mobor-mount design from one lngtallation to another than in most
atructures. It may also be possible to derive immediate benefit from such
work since the Influence of fatlgue has been observed in motor-mount
gtructures in service. '

The beneflt to be derived from tests of thess structures may depend
to a marked degree on the forethought glven to the test program insofar
a8 cholce of specimen and loasdlng is concerned. It 1s suggested that the
actual comparison ordinerily desired is one In terms of service 1life
rather than fatigue data at certalin arbitrery stress or load levels. It
is belleved that simulation of actusl service loading during tests might
have the advantage of being readily Interpreted by interested groups, and
might mske it possible to obtain significant Information from a limited
nunber of tests. The limitatlon of tests may be sultable only in cases
in which 1t 18 known that the product contrcl is such that uniform
structures are assembled.

Battelle Memorial Institute
Columbus, Ohio, Juns 9, 19hh -
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TABLE 1.— PROPERTIES AND CHEMICAL COMPOSITTON OF TUBING, SHEET, FLATE,

AND BAR TUSED FOR FATTGUE TBIT SPECIMENS
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et (as rocelved) c | m P s |8 o | ¥ fojﬁ Ehm‘i"h i
Ps (pst *
1~ by 0.065-in.
0
2“3’*;‘25 ormalizedl 0.30 | 0.46 | 0.017 J0.025 [ ---- | 1.06 | 0.19 | 84,900 | 118,100 23
tubing
1~ by 0‘&095—111.
SAE 4130 2
seanlons Sormallired Yo apalysls =0 | emmeee | oememeee --
tubing '
1/8-in. SAE 4130 | Hot-rolled; mormal~ | .31 | A7 | .023] .ou7| .25 | 9% | .21 | 81,k00 97,500 22
gheet ized and dresn 32§ by .023f 020] 26 .95 (| .23
1/1';1 ig-l.;gm 4130 Normal 1,-,56,3 No analysis il Sttt -
2— by 2-in.
SZ.'Ehl#O Hot-rolled 39 ) 0| .005) .030] .20 J1.06 |} .28 | -emmom | —mm-e-- --
bar

loonforms o Avty—Navy Specification AR-WW-T-850.

2pran Wright Field stock;
SFran Wright Field stock;

conforms 1o Specification 57-180-2D.
conforms to Specification AN-QQ-5-685.
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TABLE 2.— WELDING DATA FOR METAI~ARC-WELLED

TUBE-PIATE SPECIMENS, SERTES BL

[A11 epecimens mads with 1— by 0.065-in. SAE 4130 tubing and 1/B-in. SAE 4130 sheet; see Pigs. 3 and 11;.]

Klectrod Initial Direct owrrent |Welding| Heat | Character of fillet weld
Pogt r—— tube-plate |(slectrode negative)| tims [treatment] Neminal
Kind {1n.) t raturs Amp Aro (zec) aftor slge Comtour
y EC’F) SreR | volts (2) | welding | (in.)

395 | Wilson 5203 | 5/64 T0 20—55 ) 27 Neame | 5/32 |Flat to slightly convex

309 | ~eem- Apemmm 5 /64 300 5-50 | 2o-oh 30 None 5/32 |Fat to slightly convex

105 | —mne- do---=-| 5/64 10 yous |zophk | 21 | s2 | 5/2 |Fat

306 | ~ewa- do=e=nn 5/64 70 .50-55 | ea-ph 27 QD5 5/32 |Flat to elightly convex

390 | meen- do==-=g| 5 J6h 300 550 | ool 30 Qo 5/32 |¥lat to slightly convex

397 | Planeweld 1] 5/64 70 ho-45 | oh-p6 32 None 5/32 |Nightly to moderately oanvex
399 | ~=eacdpman=- 5 /64 300 45 | 2hp6 30 None 5/32 |¥lat to slightly convex

398 | =wme- Ao==me=n 5/6M 70 ho-b5 | olp6 32 QD 5/32  |Slightly to moderately comvex
400 | ==-~- d0n-n-m 5/64 300 Lo-45 | 2k-g6 30 QD 5/32 |Fiat to slightly convex

Lror each of the nine wolding conditions, a meximmm of elght tube-plate
ppecimens yae welded. 8ix to seven of the ppeclimsns were tested In robtary
bending in the machine shown in fig. 22. The test data mre summarized in

o fig. 28 end detailed date are glvem In table 7 snd fige. kb to 12.

A1]. gpecimens wellsed manuelly, wlth the tubs tilted 30° from the horizontal
end robtated on ite axie In the welding Jlg showm in £1g. 13. 'The welding
tima ghown is for & single circumferentlal filist made in two incrementa.

EAHS Cless E6013; plaln—carbon-stesl deposit.

5.Auuy-a.1runrt type; alloy-steel deposit.

8R, stress-relisved 30 min at 1000° R,

6QD, quenched in oil after 30 min at 1600° F; dvawn 30 mwin at 900° ¥.

N W
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'TBBLE3.~WHBIBGMTAFURMG~WEIDEDTUBE—PHIEBPECDEM,SERIESCI

[211 specimens mage with 7 by 0.095-in. SAE 4130 tubing and 1/h-in. SAE 4130 Plate; ses Pig. 3]

Floctrode Direct current Welding Tﬂharacter of fillet weld
Dlameter Arc Ting cminal
Tost K(‘lz:l;l.ﬂ. (1n.) Polarity | Amperes volta { ?gg) ?;[;a) Cantour

406 |Gen. Xleot. W—po 1/8 Poeltive| 95-100|2h06| 35 7/32 Slightly convex
LoT|FLestwerd 7 1 /g Negative (100-105|20ph | 37 7/32 |Flat to elightly conver
1

408 |Wilsen 107 Negative 1115-120[18-00 | 37 T/32 |Fiat to allghtly convex
409140 Smith SW-: 1/8 Negative [105-110|22-0k | 35 7/32 |Flat to alightly convex
410 |Champ. Biusase 1/8 Negative [100-105|20e2 | 35 7/32  |Slightly conver

411 [Westinghouse SW 1/8 Negative [100-105)2103 | 35 T/32 |Siightly convex

k1o lAtreo 90 1/8 Negative |100-105]20-p2 | ip T/32 |81ightly comvex
J13Arcos IC b1 1/8 Positive 1051101820 | 37 3/16 [Convex

41k |Champ. Alloy Atre. 1/8 Negative {100-105 |oo—p) 35 7/32 |Slightly convex

415 Planews1d 1 1/8 Negative |100~105[21-p3 37 7/32 |8l1ghtly comver

lFor each of the ten electrodes, three or four tube-plate gpecimens were welded, end then
tested in rotary bending in tHe machine shown in fig, 22. The tost data are given in
fig. 31 and table 8.

2Pla.in—ca.rbon—stee1 electrodes, tests 406412, Alloy-elreraft electrodes » tests 4134315,

3A11 specimens welded manaally, with the tube tilted 30° fyam the horizontal snd rotated
on Its axis in the welding Jig shoun in Pig, 13. The welding time shown ig for a single
clreumforential £1116t made in one increment. The Initial temperature of all BEpecimens
was about 70° F. There was no heat treatment after welding.
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WADLYE ¥.— DATA FOR WELIED, BRANED, AND MACEYMED TURK-FLATE JPXCINENS, SERTES D

[ Ohgrantar of fillot Teat treatuent
e °fﬁ"“‘"" Tant %:m:& m{fﬁm—%—m-n:n | % r:ﬁ-@ urn Gonboun mu.fmww:.nt.
(2) volts op tn)  |ayers w
Avo waldeg® TR 5/6h—n, Vilson 520 | Nepative | 5560 | 22-85 380 /8 1 Oonoave to flat X
Do fremm- 3ppier B 12 12 12 12 : 1 mr. to modorats - 12
n;’.;.--.ﬁ 3 yae—uf Wz.hon 520 ueént}w. Gc(: ) n&-e% 80 %’/’% 1 ty convex (A )
Do~ | ¥B0A 1/38-4n, Wilson Negatlive 20~-ak 80 y%g 1 mt s
Do.d—wne | ¥ 3/38-in. Wilson Nesntive 20-23 300 E2 1 Flat to omoayp |
Do N—e 5&} 5/32-4n, szith SW15 | Begative | 6590 | 22-2 80 3/16 1 Yully consas Tons
Do, ——- | 525 3/32-4n, Bulth EW15 | Wagative 1921, Bo 316 1 Fully com None
Do, g Eaau 1/ . Atainwsld D | Positive 2807 80 3/16 1 Flat Fone
Do, ~—— | hT20 1/8~in, Wilson 820 t:.vo 80 20—42? 8o /32 1 Flat to convex b1
Do.3—-- | series O 13 ( (12 /32 1 Flat to slightly convex Home
po.—-— | nyes é_"'_;:n lncn 520 ::gg,_;: 3 » b Vs 2 Flat to slightly convex ¥
po,'——- |50y (I ¥P-An. ¥idson 50 Togrtive 22 2 pvsewva s Bee figure 16 ¥
po, e [ W7D 3/32~in. Wllscn 520 | Kegntive g:g 2007 300 /6oy e[ & Seo Cigure 16 b1
Avo X %/64—4n, Wilson 520 (16) {16) (16) 33z 1 Machined concave from 5/32-dn, (16)
ol | ¥ 5/6%—n, Wilon 520 (an an | an 5/32 1 Muchined voncave &t tos Qa7
Aro waldea® a7 3/32—4n. Wilson 520 | Negative | 8550 |20-03 500 T/ 32 1 Flat b |
Are weldea® AToR 5/68-4n, Wilson 520 | Wegative | 50-55 [24-26 8o 5/32 1 Fiat to sllghtly convex Hone
Do, W |y 5§/64—4n, Wilson 520 | Negative | 50-55 | 2426 Ba 5/32 1 Flat to slightly convex Tone
Gaa volded" :-ras 11516—1:: Oxwold T — 5{6 1 Nodorately toncave ¥
Do. -— 16-in. Oxwold 7 | ~=e———— Bt IR —— 1 Hoderately consave L]
Do A s /1610, Gaveld ; ------------- — — 7/32 by 5| 3 Ben r:l.xm!{ 16 x
: ] _—
Brased ABoEr B-in. Oxweld sl Ietere - 16 1 Pully ooncave Fone
Do. -~ {8EOR Jje-d.n. o:n:m g m——— ] = —— 515 1 Hodaratsly to fully condave Kona
Machinad onlyt |hBoca To weld el ~—— 0.25 - Fully convex {fig. 2) 3
Do, 1} —n-~ |NBoO2 Fo weld - —— 0,28 - ¥olly camcavs (fig. 2) =
Lan specinand teshed 1n rotary exsept 479l teated in repeated axisl tension and comprassion, mnd B70B, tested in axial, repsated tension.
ar fatigus tost oabta, mee figs,16 36 le 9.

1leon 520 and
Oxwald 7 ix & 1

3%, normmlized 30 min at 1650% ¥ nir-cocled, MNx,
73 tlame noftened. with axyaootylens
1-"by 0.065-1n. SAR B130 seswloss tuhing wid 1/8-in_ SAE K130 ntoel sheot (rigs, 3 and 14,

th

= maohined
Lsa0 tnbla 2} one spacimen oach from tents

aa tabla 3) ons spocimen
1%n; obtain & fu}ly CONCAYS
vertioal down” fillet,

and Smith 5015 are nopun-pomiw,
ow—sarbon-—s

‘han—stesl slootrodas,

plain-—oar Btainueld D ia a 28 gr ~ 20 Fi austenitlo—ateel elaotrods,
rod. Oxweld 25N is &

bronze welding rod, .

noremlized 30 min at 1700° F, aimoooled, A, ammealed 30 min at 1650° ¥, furnece-gooled,
at tos of f1llet, .
No, ¥ tip (1inde) umed on welding toroh for pma-seldad

teal. welding
torch, in

and 1/¥4n, MR $130 steal plate (fig. 3),

¥130 seanlews tubing
with velded r:lJJ.et m.ch:l.naﬂ fully conoave,
vi

welded f1llat wachined ooncave at toe,

vith piatea welded at both ende of tube,
105,un ay footnote 1, vith tubes valdad to hoth sides of plate (similar to
%o dimonsions glven in footnots higc- 30lid BAR

upeoilnu for prestress tests, fig, 18),
lmo stecl forsings, 93: machined f3llats to siwulabe f1llet welds (figs. 1 and £),
4005 tho from tes

m igg l.ndl15.
j:l.g th tubs In horizontal position, snd velding dones from the side to produce &

each from tasts ;gg 20'7,
fillet, spaaimen waa Totated

obm;!.nntut.'liil:maznuet spooimon was rotated in wvelding jig vith tube in horizantal ponition, and welding dune from the aids to produce &

“vartical up”
table 2; ons apsdlmen
1 table 2; one specimen

tigue tast date given in ﬂphﬁ and 36 and in table 9,

unh!‘roltutsﬂﬂg, 390, snd 396,
each ta 395 angd

AR
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TABLE 5.~ WELDING DATA FOR TUBULAR SPRCIMENS

OF SERIES E, ¥, G, AND E-

Type Heat treatmsnt
Rlectrode or Character of
Serieq Type Test of wold rod F111et after welding
weld {2)

E | Notched3 180B |Oxyacetyleme | 1/26-in. Oxveld 7 | Three-layer fillet; see fig. 17 | Novmalized
Notched, 506 |Oxgyacetylens | -=v---r-~ do-~emmeen | mmmmmem e e ~dO~nmmnmm oo Hormalized
Notched” 5238 |Arc 1/8-1n. Stalnweld D | 3/16-in. flat fillet None

F |For prestresa | 645 |Arc 5/64—1n. Wilsan 520 | 7/32-ln. flat £1llet Rone

" | testa 646 [Are | emememees T YR RO dOmmmmmmm e m e mm None -
67 lare ] ammmeane clOmmmmemon | memtmccmcn——an L BT Full amealsd’

G {For shot— 7o |Aro 5/61n, Wilson 520 | 7/32-in. flat Fillet None
pesnlog bosts

E | For reversed— | 569 {Arc 3/32—in. Smith SW15 | See fige. 21 and 39 Nome
begﬂﬂg togts

Iratigue test date glven in fige. 26,37, and 38 &nd tebles 10 to 13.

All

N deep (see f£ig. 17).
Sama as serles D, teat U80D, aexcept with olrcumferential notch in tubs 0.030 in.
5 dsep (see fig. 17).
Seme es series D, tsat 523A, except with circumfersntial notch in tube 0.030 in.

6 de ep .

ool 1n normalized comdition hefore welding; no preheat used.
as series D, test 480D, except with oircumPerential notch in tube 0.038 in.

imiler to series B specimens, except with two tubes (see fig. 18).
Sams ag series B specimens; shob-peened sfter wolding.
E'I'I-lbe-—to—-fmbe specimens (see fig. 20).
Fpacked in cast~iron shot, heated to I5T324600° F for 30 min, farmace-cooled.

S HNACA
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NACA TN No. 1262 29

TABLE 6.— ROTARY-BENDINC TEST DATA FOR MACHINED
CONCAVE~FILLET TUBE~FLATE SPECIMENS

(BASIC), SERIES &

Icad Stress
Test Locetion of
(1) (%23 (f;’)') _ Oyoles failure

w1| 49| 7.0 x103]4,800.0 x 103| No fatlure

-2 | 70 |10.0 6,500.0 No failure
3| 87]12.5 1,800.0 piad
) -4} 105 {15.0 320.0 T
i -5 1 147 {21.0 96.0 T
-6 | 192 |27.5 . 10.0 T
~7| a5 |35.0 -5 T

;The stress dete are plotted Iin fig. 2h.

See fig. 15.

SNominal tension—compression stress in tube at
toe of concave flllet.

1"T, fallure In tube at toe of concave flllet;

fracture sometimes extended into Fillet.
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[~ by 0.065-1n. tubing, 1/B-in. plate]

NACA TN No., 1262
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specimens, Figa. % to 12 apa 28,

2890 fig. 15,

tension-compression stress in tube of tos of £1llet wald.

, Tallurs in tobe at tos of rillst wald.

by

W, sems ap T with pertisl Tallurs throogh tlooat of fillet weld.

Px, failmre in plate at toe of £11let weld, poneibly through welding crack.



ms.—mammcmmmmmmm,mmcl

[i- by 0.095-1n. tubing; 1/i~in. plate]

Toad, Stresa Yocatlon Tosd Streas Location
Test (1b (pet) Cycles of Test (11} (pat) Cycles of
3 ) fallive (2) {3 tallure
() (k)
106 X1 b x 109 | 1,872.8 x 103 i K11 B | k1x103 | 1,630.0x 103 None?
188 20,2 W87 T 53 5.7 355.8 T
284 30.h 8.7 b 150 16.1 65,0 T
188 20.2 k7.9 T
Yot 53 5.7 h96.3 T 6
11% 11.9 124 ,2 T hio 33 3.5 6,800.7 None
185 20,2 k.9 T 47 5.0 T90.9 iy
ofh 30.4 19.6 T 150 16.1 8.0 T
188 20.2 60.3 P
ho8 38 ha 9,431.3 Yone
111 11.9 134.7 P k13 53 5.7 331.2 T
228 2.} 26.8 T 150 16.1 70.1 L
i g 26.4 1.6 n
hoo 3 7.8 1,250.4 .
111 11.9 311.0 T s 130 140 126.9 T
150 16.1 100.7 Ly 20k 22,0 k9.1 T
o265 284 20.8 n o8k 30.4 27.1 n
X140 150 16.1. 70.9 T s 111 11.9 5.1 b
008 o2k h 33.7 T 188 20.2 4B.1 T
284 30.k 7.8 T

lme aate glven In thlp table were ussd in the preparation of the camparison graph for
neries C apecimens, fig. ‘31.
28s0 2ig. 15.
Noainal tenslon-compression stress in tube st toe of Fillet weld.

» Tallure in tubs at toe of fillet weld.

ond ™mn ab 11,900 pel with fallurs T at 242,000 cycles.

cond ran st 14,100 pel, no faliure at 3,180,000 cycles.
Third yun at 5,700 psl, neo fatlurs at 3,600,000 cycles.
Pourth run at 7,800 pel, with falluwre T ab 394,800 cycles.

%
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mg._nmmmm,m,mmmmmamm,mnl

mos [fos| Sees | D T R T I T o o E R e som | e e
2 ytles - 1b yoles 2 yclas
Y'G ™ el 2 1% ) fatlure | (2) ] w ta1are
N 1%7 | 21,0 x 103 2x13 T 52 147 | 21.0 x 203 | 43,1 x 103 r s7m | 187 | 89.2 x 103 5% 103 P
(Bl I A B3 &5 r AW 7 ¥ W | 63:3 K] P
137 | &1, 33. T
187 | 21,0 17.8 ? brow | —— m 16.7 "
INT| 21,0 1;.8 v 137 | 21.0 g.g.l T —— 7 9.9 r
1 22.3 3.5 T 1%7 | 21.0 5 H
156 | 22.3 27.7 T e | -——1| (8 ok.8 P
156 | 22.3 21,0 r 188 | 20.2 50,3 T — 8 92,6 P
156 | 22.3 18.1 T 188 | 29,2 M7 2
156 | 22.3 17.1 ” 188 | 20,2 8.1 T Mrox 7| 21.0 29,2 r
156 | 22.3 13.0 @ 188 | 20.2 N7.9 T 147 [ 21.0 13.5 -
. 188 | 20.2 M.9 r
17| 22,0 9.9 r 205 | 22,0 k9,1 ] h72p 1¥7 | 21.0 36.3 T
ix7 | 21,0 7.5 T 1 1¥7 | 21,0 21, T
7| 21,0 5.0 T 17 | 21.0 23.7 T
147 | 21,0 16.1 7 ABop A7 | 21.0 610.D r
480s 17|20 26,0 ™ : 1a7 | 2.0 325.0 Ly
147 | 21,0 £5.0 T 507 147 | 21.0 261.7 T 17 | 22,0 279.0 7
iN7 | 21,0 17.6 T 17| 210 270.9 ]
| 21.0 197.3 P hgoxr | M7 (21,0 196 .0 B
AT20 | 147 | 21.0 25,2 T 147 | 21.0 o9k .0 BY
137 | 21,0 2.0 T o | a7 2.0 183.9 w 7| 23.0 £8.8 BT
137 | 21.0 51.2 w
52% is7 | 21.0 104.8 T ¥80E | 1a7 (2.0 506.0 P
17 | 21.0 Es.'r T b 4 137 | 21.0 3.3 W
7| 22,0 2.3 4 17 | 21.0 2. W Moc1| 7| 21.0 1.0 r
1700 1.1 v
525 1a7 | 21.0 32,4 TP k8oc2 | 27| 21.0 354,0 ™~
87 | 210 gg.a T Y 7 l210 15.0 ]
T | 22,0 .0. P 7 | a0 13,0 L
W11 ro bending (see fig. 22) exoept teat N70A, which Were axial tonmion ahd scwpréasion
and test 4798 which wars axial repeated tension
Avmgasortheloadahueplothedinnglﬁ The dats wars also used in preparing the

aomparison graph for series D specimens, rig.

sa fig. 15,

. 51-

'l fallure in throat of rillet.
iJm-o in band between brazxing matal and plate
fress in solid 1-in, round bar at boenfrﬂlatnld- ssma load ay for strass of 21,000 pai In 1- by 0.065-in. tube.
Axial tenslon-gowpression wirezs '.Ln taube:

Six1s) repested-tension stresa

Max{wom tenslon
Hintwm tension

Btress rengs
Moan stress

22,500 pai

24 pal

xS, ,100 pei

1,550 psl sompression
in fube:

21,000 pel

1,000 psi

20,000 pal

11,000 pel tension

omioel tension-compression stress in tube at toe of fillet (exospt tast A7SB).
fajlure in tuvbe at toe of fillet.
failure in plate at toe of illek,

é8
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NACA TN No. 1262

TABLE 10.~

TUBE~PTATE SPECIMENS, SERTES E-

EL— by 0.065-in. tube; 1/8-in. plaié]

ROTARY-BENDING TEST DATA FOR NOTCHED

Load] Stress Iocetion
Type of
Test | (1b) (pei) Cycles of

specimen (2) f £ailure
Tepered gas—welded|u80B| 150[47.% x 103] 1.2 x 103 woten
£1llet; 0.038-4in. 150|474 1.1 Notch
notch (fig. 17) 150{47.4 1.0 Notch
Tapered gas-welded|506 20| 4.8 2534.8 Notch
Pillet; 0.030-4n. ° 30| 7.2 278,2 Notch
notch (fig. 17) 55113.2 158.8 Notch
87121.0 30.1 Notch

140133.6 6.5 Notch

Metal src-welded |523B] 30| (&) 3791.9 Tubeu
£11let; 0.030-in. 55 13.0 106.7 Notch
notch 87]21.0 39.1 Notch

1The data given in this teble were used in the preparation of
the comparison graph for series E specimens, fig. 26,

25ee Tig. 15.

ormal tension~compression stress at root of notch.
47,200 psi in tube at root of 0.030—in. notch; 4,200 psi n
tube at toe of metal arc weld, where faillure took place.

'“‘Iﬂ:g!"’
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NACA TN No. 1262

TABLE 11.-— ROTARY-BERDING-TEST DATA FOR METAI~
ARC~-WELDED SPECIMENS PRESTRESSED

BEFORE FATTGUR TEST SERTES FF

Toad Stress Locatlon
E;zgizin Test (%gg (%si) Cycles fagiure
(%)
Similar to 645-3| 35| 5.0 x 10°} 3,562.2x 103| T
type B; tested -5 70 | 10,0 321.4 T
as welded -2 | 105 }15.0 122.6 T
-6 | 140 | 20,0 ks,2 T
-1 | 172 |24.5 38.2 T
-4 | 210 | 30,0 9.9 T
Similar to type| 646-6 351 5.0 965.9 iy
B; prestrossed -5 T0 }10.0 296.1 T
before fatigue -4 | 105 |15.0 131.4 T
test” -3 | 140 |20.0 50.9 T
-2 | 175 {25.0 18.0 T
-1 | 210 |30.0 3.8 T
Similar to type | 6474 35| 5.0 T66.4 T
B; ammealed -5 70 110.0 169.7 T
and prestressed -5 1 105 |15.0 28.3 T
before Patligue -3 | 140 }|20.0 5.7 T
test6 -2 | 175 |25.0 3.7 T
-1 | 210 }30.0 2.7 T

Lrhe data glven in this table were used in the preparation of the
comparison greph for serles F speclmens, fig. 37. '

2See £ig. 15.

3Nominal tension—compression stress in tube at toe of fillet weld.

, fallure in tube at toe of fillet weld.

Jlosded in axlel static tension beyond yleld point of tubing
(85,000-90,000 psi).

6Furnace annealed at 1600° F, then loaded beyond yield point of

tubing (about 45,000-50, 000 psi).
“EHME!!I"
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TABLE 12,— ROTARY-BENDING TEST DATA FOR METAI~
ARC-WELDED TUBE-PLATE SPECIMENS, SHOT--

PEENED BEFORE FATIGUE TEST, SERTES GV

Type of Load Stress Iooe:;ion
specimen Test | (1) (?51 ) Cycles failure
(2) 3) (k)
Similer to 77019 | 35| 5.0 x 103} 1,906.2 x 103 T
type B; tested —20 70| 10.0 128.2 T
as welded -£1 | 1051 15.0 53.9 T
-22 | 140 1| 20.0 25.7 T
—23 | 210] 30.0 6.6 T
—2k | 280} k0.0 1.8 T
Similar to T70-T 351 5.0 1,792.3 T
type B; -9 35| 5.0 1,1k2,.0 T
shot-peened -10 53} 7.5 10,000.0 NF
before -18 531 7.5 10,000.0 KF
fatigue test -6 53{ 7.5 345.9 T
-5 70 | 10.0 k,271.2 T
~17 ‘70 | 10.0 153.1 T
~4 105 |15.0 234.0 T
~11 | 105 [15.0 133.3 T
-3 140 | 20.0 58.9 T
-12 | 140 {20.0 26.2 T
<13 | 175 [ 25.0 19.2 T
-2 210 | 30.0 9.9 T
-1k | 210 }30.9 T.1 T
-8 245 |35.0 3.5 T
-15 | 245 }35.0 3.2 T
-16 | 280 |®0.0 2.3 T
-1 280 {k4o0.0 2.2 T
“!ﬂﬁg!"’

lmhe data glven in this teble were used in the preparation of the
comparison graph for series G specimens, fig. 38.

23ee fig. 15.

3Nominal tenslon—compression stress in tube at toe of fillet weld.

» fallure In tube at toe of fillet weld.
NF, no failure.
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TABLE 13.~ REVERSED-BENDING TEST DATA FOR METAI~
ARC-WELDED TUBULAR "PI" SPECIMENS,

SERTES H
Lil.g: Streas Location of
Test (pet) Cycles failure
(103 °F3) (3)
(1)
569-%| 31 | 7.0 x 103 (%) T,
-3| & j10.0 (&) T,
~2| 4 |10.0 369.0 x 103 T,
-5! 48 [10.8 138.0 T,
~1| 48 }10.8 171.0 Tb
lsee £1g. 23. NEA

2Nominal tenslon—~compression stress in
long tubes at toe of fillet weld.

3Ta: Pallure 1n short tube at toe of

Fillet weld ((1), £ig. 39). _

Ty, failure in long tube at tos of
fillet weld ((2), fig. 39),

h‘B‘atigue mechlne 4id not stop auto—
meticelly when specimen falled; no
cycle reading avallable.
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Figure 1.- Basic rotary-bending test specimen, series A, machined
from solid bar to simulate welded tube-plate specimens.
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Figure 2.- Machined tube-plate specimens (no weld) for rotary-

bending test. Concave-fillet specimen at right used as standard

in comparison tests with welded specimens.
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1"X 0.065"0R I“X 0.095" SAE 4130
= ﬁ/ SEAMLESS TUBNG

FORK SAE 4130 PLATE
a1 Vs

4"

/ TN -pRILL - DiaM.

oy w5
CUT AFTER WELD

Figure 8.~ Metal-arc-welded tube-plate specimen for rotary-

bending test.
- 15
ESg
e, i 1.0
2
8 g
= 28
N '.g
P s
4 T
4 | 2
111G gg
"
£ 88
-2
u'n
&y
m 23
. T il s 5
103 104 105 108

GCYCLES OF COMPLETELY REVERSED STRESS

Figure 4.~ Rotary-bending tests of arc-welded tube-plate specimens,
series B, group 395. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, carbon
steel; initial tempergture, 70° F; tubing, 1~ by 0.065-inch
SAE 4130; plate, 1/8~inch SAE 4130; tested as welded, (Datum
line mn from fig. 26.)
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CYCLES OF COMPLETELY REVERSED STRESS

Figure b.- Rotary-bending tests of arc-welded tube-plate spegcimens,
serles B, group 389. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, carbon
steel; inltial temperature, 300° F; tubing, 1- by 0,085-inch
SAE 4130; plate, 1/8~inch SAE 4130; tested as welded. (Datum
line mh from fig. 26.)
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CYCLES OF COMPLETELY REVERSED STRESS

Figure 8.- Rotary-bending tests of arc-welded tube~plate specimens,
series B, group 405. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, carbon
steel; initisl temperature, 70° F; tubing, 1~ by 0.085-inch
SAE 4130; plate, 1/8-inch SAE 4130; tested stress relieved.
(Datum line mn from fig. 26.) .
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GYCLES OF GOMPLETELY REVERSED STRESS

Figure 7.~ Rotary-bending tests of erc-welded tube-plate specimens,
serles B, group 396. Comparison of strength relative to an
arbitrary standerd machined from solid bar. Electrodes, carbon
steel; initial temperature, 70° F; tubing, 1- by 0.085-inch
SAE 4180; plats, 1/8-inch SAE 4130; tesied quenched and drawn.
(Datum line mn from fig. 28.)
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CYCLES OF COMPLETELY REVERSED STRESS

Figure 8.- Rotary-bending tests of arc-welded tube-plate specimens,
series B, group 380. Comparison of strength relative to an
arbitrary stendard machined from solid bar. Electrodes, carbon
steel; initisl temperature, 300° F; tubing, 1~ by 0.085-inch SAE
4130; plate, 1/8-inch SAE 4180; tested quenched &nd drawn.
(Datum line mn from fig. 26.)
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CYCLES OF COMPLETELY REVERSED
STRESS

Figure 9.~ Rotary-bending tests of arc~welded tube-plate specimens,
series B, group 897. Comparison of strength relative t6 an
arbiirary standard machired from solid bar. Electrodes, alloy
steel; initial temperature, 70° F; tubing 1~ by 0.085~inch
SAE 4130; plate, 1/8~inch SAE 4180; tested a8 welded. (Datum
line mn from fig, 26.)
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MAGHINED SPECIMENS
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CYCLE OF COMPLETELY REVERSED STRESS

Figure 10.- Rotary-bending tests of arc-welded tube-plate specimens,
series B, group 808. Comparison of strength relative tb an
arbitrary standard machined from solid bar. Electrodes, alloy
steel; initial temperature, 300° F; tubing, 1- by 0.085-inch
SAE 4180; plate, 1/8-inch SAE 4180; tested as welded. (Datum
line mn from fig. 28.)
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GCYCLES OF COMPLETELY REVERSED STRESS

Figure 11.- Rotary-bending tests of arc-welded tube-plate specimens,
series B, group 388. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, alloy
steel; initial temperature, 70° F; tubing, 1- by 0.085~inch
SARE 4130; plate, 1/8-inch SAE 4180; tested quenched and drawn.
(Datum line mn from fig. 26.)
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SPEGIMENS
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Figure 12.- Rotary-bending tests of arc-welded tube-plate specimens,
serles B, group 400. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, alloy
steel; initisl temperature, 300° F; tubing, 1- by 0.085-inch SAE
4130; plate, 1/8-inch SAE 4130; tested quenched and drawn.
{Datum line mn from fig. 26.)
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Figure 13.- Welding jig for tube-plate specimen.
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bending test.

Figure 14.- Typlcsal arc-welded tube-plate specimens for rotary-
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Figure 15.- Details of load arrangement for rotary~bending tests of
tube-plate specimens, (The eccentricity e in the welded specimen
is taken at the chuck, the specimen being so adjusted that the tube
axis intersects the axis of rotation at the plane of application of
the load, point A. The normal radius of run-out, or eccentricity,
at point ’A 18 not greater than 0.005 in.)
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i w;)m“m': e L;"% it TEST x s 4724 479 Y
WETAL'ARG | db [k PILLET, MAGHNED GONGAVE [oa] TABLE # | 3 | @ txc0 X ! l 'k Lt | 'Li L I LI
weta-anc | & [mar ANNEnLED | 5 3 re00 Jj 483 ! L4
WETALARC | | Concave O FLAT worwacizeo] ¢ | T | e Jil 472A ﬁ 472C| SERIESP 472E ar28 480A
METAL-ARG | fh [FLAT TO 8L CONVEX NoHE t | nw | sxo Jetoa
METAL-ARC | db | MAGHINED CONCAVE AT TOE |(tmiTasLE 4] % T 14000 Y ! [b__, L &_. @_I ‘
METAL-ARO | f | FLAT TO CONVEX nomuALIZED] € T 7,000 il 472¢ il =
METALARC | d |FLAT TO 5L GONVEX D TsLEN | 8 T w0400 [l SEnES B 3 4T2G 4T2F 528 |  NOTCHED) s23A
s | | MOOERATELY CONGAVE_ wommarizzn] € | T | #ie00 [l 472€E | b | § ‘ ™M
METAL-ARG | § [ FLAT TOSL QONVEX, ELAYER [NorMaLiZED| & | T 22900 JJ} 4728 A; - L‘:
uELARG | § [rar FLAME-30FT | 3 T 22,900 4804
NETAL-ARC |} | rLAT TO concave |HORMALIZED | 2 T :uao= 4728 s] SFRESC 5e4 48oct 480EF 4720
wus ; [MooERATELY CONCAVE  |womaLzen) & | T #9200 J 472F i’ P\L.
METAL-ARG | 3 | FuLLY cowvex HONE 3 [rnee | essoo N 525 i
CIMCUMFERENTIAL v NOTOH TN TuBg 005" 0€E» [nommarizen | ¢ [ woton | 3400 [ 0.03" NoTCH 720 =07 48002 4800 490E
meTA-ARS | & ] rLaT (es-20 weeD! NONE 3 T 700 [ 523 A { .
METALARG | g4 | FLAT TO SL. CONVEX NOKE [ T axo IR ssmzs ¢ gf l kd l sL i & Q
WETAL-ARG FLLY ConcAVE WONE s [ 7| eheco [ So4 ; ¢ ]
MACHINED |028 [FuLLY coNvEX (NowELD) |MomwaLizen] ! i soco RN 40 Cf
P T rocor oomeme e s Torara oo 4B0EF TYPICAL SECTIONS THROUGH CIRCUMFERENTIAL FILLETS
anctaas | Ax ¥ [ anct3-Lavem casweln [normaLizen | 2 w mma
WETAL-AND | gF | FLAT (SOUID BAR) woruaLzeo | 2 » 202,000 472 H
wepL-anc [ [ varereo, Fuax, 3aver froawauzen | 5 | AT T | 230,000 507
MacHNED |O88 |ruLLy conca oroweLD) [NorMaLizin| 1 | W = 480 c2
aAs 4 [ mareren FLar, 3LavIR  {noRwsLzED | 3 T
BRAZE &  |woo.to Ly covoave  [mons 1 T 80 E
SASIC FORED AN MAGHINED SrECIMEN  [mommizen| 1 | T

ALL SPECIMENS MADE WITH 1~ BY 0,065—IN. SAE ¥130  LOCATION OF FAILURE INDICATED BY ARROW IK SKETCH
STEEL TUBING AND 1/8~IN. SAE #130 STEEL PLATE, ABOYE: " €S
EXCEPT AS FOLLOWS:

T  FAILURE IN TUBE AT TOE OF FILLET

BASIC SPECIMEN — FORGED AND MACHINED FROM W FAILURE [N THROAT OF WELD
SAE #3140 STEEL TO 1/8~iN. FLAKGE P FALLURE N PLATE AT TOE OF FILLET

AND 1~ BY 0.065-IN, TUBE SECTION, B  FAILURE IN BOND TO PLATE

WITH 4/8-IN. SHOOTH CONCAVE ALL SPECIMENS TESTED IN ROTARY BENDING EXCEPT 4794

- WHICH WERE TESTED IN AXIAL TENSIQN~COMPRESSION,
SR IS €~ ARG T AT NS JaiNaC THE LOAD USED IN THE ROTARY-~BENDING TEST (SEE

: AND 1/8~IN. SAE 3130 STEEL PLATE FiG. 15) "‘;SME*S Fm:rm:)s;s -

XB0C2 — SAME DIMENSIONS AND MATERIAL AS BASIC "-'- 5"50 NS WITH 5=IN. :
SPECIMEN, EXCEPT MACHINED KD KEAT-TREATED SFECIMENS WITH O.098IM. TOBE SE§‘ES el 106 18
IR ANOTHER GROUP SOLID=~BAR SPECIMENS (%72H). 187 LB

480CL — SAME AS ¥80C2, EXCEPT WITH 1/4-IN. CONVEX yyp i oap ysep IN THE AXIAL TENSION-COMPRESSION

H soun IN. ROUND SAE %130 STEEL BAR A L N R R o TR )
4720 - =K. AS 4100-LB TENS S
ARC-WELDED TO 1/8~IN. SAE %130 STEEL WAS At
PLATE

Figure 16.- Repeated-load tests of series D tube-plate specimens.
(Data from tables 4 and 9)



53

NACA TN No. 1262

no L] . CERULIN N _BNl) -__“__'..Il l._| I 1
P pl

BT
e Rl T .__hi“,_;.\w__T._i_;. 5 %fh .

FTD T AR e giedes

imen for rotar;_r_-bending test.

Notched tube-plate spec

Figure 17.






NACA TN No. 1262 : 55

———— e

Iy " X0.065" SAE 4130
SEAMLESS TUBING SPECIMEN FOR
ROTARY-BENDING
e \\ / TEST
" x4li X 4’u
SECOND PLATE, MAGHINED

SAE 4130 .
PLATE - # FILLET To 3% DIAMETER
Yy c \'3
Efr-'lRS'r £ FILET

1 l'
' H
H

H
LS C iy

™" X0.065" SAE 4130 /7 GROUP | : SPECIMENS WELDED

SEAMLESS TUBING, AS SHOWN AT LEFT. LOWER
CUT OFF FLUSH WITH TUBE MACHINED AS SHOWN ABOVE.
PLATE FOR ROTARY- SPECIMENS THEN TESTED IN

e BENDING TEST. ROTARY BENDING IN AS - WELDED

~ CONDITION, WITHOUT PRESTRESSING.

. GROUP 2: SPEGIMENS WELDED AS

SPEGIMEN FOR SHOWN AT LEFT, THEN PRESTRESSED
PRESTRESSING IN AXIAL TENSION TO JUST ABOVE

YIELD POINT. SPECIMENS THEN MACH-
INED AS SHOWN ABOVE, AND TESTED
IN ROTARY BENDING.

GROUP 3: SAME AS GROUP 2, EXCEPT
FULL~ANNEALED BEFORE PRESTRESS-
ING.

IN AXIAL TENSION

i
!
Figure 18.- Tube-plate specimen for rotary-bending test after
prestressing in axial tension.
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Figure 19.-

(b) Shot-peened.
Metal-arc-welded tube-plate specimens for shot-

peening test.
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Figure 20.- Metal-arc-welded tubular pi specimen, series H, for
reversed-bending fatigue test.
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Figure 21.- Arc-welded fube specimen for bending fatigue test.
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Figure 22.- Rotary-bending testing machine.
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TEST SPECIMEN RECIPROCATING LOAD

¥

LOADING CLAMP

i\ PIN-CONNECTED

HINGED ANTI-TILTING CLAMP FIXED CLAMP
Figure 23.~ Schematic diagram of method of loading tubular pi
specimens, series H, to produce reversed bending stress
(maximum at weld joints). (For specimen dimensions see fig. 20.)
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Figure 24.- Rotary-~bending tests of tube-plate specimens forged and
machined from solid bar, series A, for use as an arbitrary standard
for comparison of the fatigue strength of welded and notched tube~
plate specimens in series B, C, D, E, F, and G. (See fig. 25 for
explanation of use of the standard.) Standard specimens made
from solid SAFE 4140 steel forgings; maakined to dimensions shown
in figure 1 with a 1/4-inch smooth toncave fillet; tested after
normalizing,
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w03 § 80° 08 X Figure 26.- Rotary-bending tests of notched tube-plate specimens,
+ ¥ 3 g serles E, Comparison of strength relstive to an arbitrary
standard machined from solid bar, Tubing, 1- by 0.085-inch
GVGLES OF COMPLETELY REVERSED STRESS B

SAE 4130; plate, 1/8-inch SAE 4130; notch, as indicated in greph.

Flgure 25.- Method of computing ratio of fatigue strength of welded to (Linenmiausedasad.n.h:.mlmelnﬁgs 4 %o 13, 28, 31, and 36
meachined tube-plate specimens. (Line Ac'd'e'f'Bg' is S-N curve toﬂ&toindimteﬂmrehtlvastrengﬂno!weldsdandnotched
for machined specimens,- (See fig, 24.) Polnts ¢, d, e, f,-and g are specimens with reference to the arbitrary standard machined
individunl S~ valuee for a group of arc-welded specimens,) from solid ber.)
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Figure 27.- Typical rotary-bending fatigue failure in arc-welded
tube-plate specimen. Specimen shown was notched, but failed at

toe of the weld with charactristic fracture.
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GYGLES OF COMPLETELY REVERSED STRESS

Figure 28.- Summary graph of rotary-bending tests of arc-welded
tube-plate specimens, series B. Comparison of strength relative
to an arbitrary standard machined from solid bar. Electrodes,
carbon and alloy steel; initial temperature, 70° and 300° F;
tubing, 1- by 0. 065-~inch SAFE 4130; plate, 1/8-1nch SAE 4130 weld,
5/32 inch with 45° fillet; miscellaneous heat treatments. (Data
from table 7 and figs. 4 to 12.)

SPECIMENS
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Preheat 7T0° F Preheat 300° F

Figure 29.- Radiographs of series B tube~plate fillet welds made with
5/64-inch Wilson 520 electrodes (plain~carbon steel).
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Preheat 70° F Preheat 300° F

Figure 30.- Radiographs of series B tube-plate fillet welds made with
5/64~inch Lincoln Planeweld 1 electrodes (alloy-steel deposit).
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Figure 8i.- Summary graph of rotery-~bending tests of arc-welded
tube~plate specimens, serles C. Comparison of strength relative
to an erbiirary standard machined from solid bar, Electrodes,
carbon and alloy steel; initial temperature, 70° F; tubing, 1~ by
0.095-inch SAE 4130; plate, 1/4~inch SAE 4130: weld, 7/32 inch
with 45° normal fillet; tested as welded. (Data from table 8.)
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Figure 32.- Rotary-bending tests of arc-welded tube-plate specimens.
Comparison of strength relative to an arbitrary standard machined
from solid bar. Relative extent of fatigue-sirength zones of series

B and series C specimens.

(Date from figs, 28 and 31.)
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Figure 33.- Fracture in axial

specimen.

Greater part of

77

-tension-compression pla

te-tube-plate
fracture in tube at toe of fillet weld.
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Figure 84.~ Fracture in axial-tension-compression plate-tube-plate
specimen. Fracture half in tube at toe of fillet, and half through
throat of fillet.
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Failure in axial-repeated-tension plate-tube-

plate specimen. ,

Figure 35.-
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Figure 36,~ Reversed-stress tests of tnbe-plate specimens. Com~  Flgure 37.- Rotary-bending tests of prestressed tube-plate specimens,
parison of strength of serles B, C, D, and § specimens relative to series F, Comparison of strength relative to an arbitrary atandard
an arbitrary standard machined from solid bar. (For identfication machined from solid bar. Electrodes, carbon steel; intlal tempers-
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CYCLES DF COMPLETELY REVERSED STRESS
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RATIO OF FATIGUE STRENGTH OF WELDED TO MACHINED

SPEGIMENS

Figure 38.~ Rotary~bending tests of shot-peened tube-plate specimens,
series G. Comparison of strength relative to an arbitrary standard
machined from solid bar. Electrodes, carbon steel; initial tempera-
ture, 70° F; tubing, 1- by 0.065-inch SAE 4130; plate, 1/8~inch
SAE 4130; no heat treatment after welding.
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silures in metal-arc-welded pl specimens.

Figure 39.- Typical fatigue £



